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Abstract

The aim of this study was to characterize,biotyping and genotyping
of Cronobacter sakazakii previously isolated from a range of foods .Some
virulence factors of 6 Cronobacter sakazakii were tested .All the isolates
(6) were capsule formation,capable of producing biofilm,Lipase,gelatinase
and protease production.Most of the isolates have hemolytic activity,while
none of the isolates have the ability to hydrolyze starch or produce
lecithinase.The effect of some physical and biological factors on growth of
Cronobacter sakazakii were also studied.Optimum temperature was 40°C

for (3) isolates ,while 37°C for (2) isolates and 30°C for (1)
isolate.Optimum pH was 5 for (4) isolates ,while (2) isolates gave highest
growth at pH 7.An agar well diffusion method was used to assess the
antibacterial activity of Lactobacillus fermentum against Cronobacter
sakazakii diameter of inhibition zone was ranged between 15-25 mm.Some
biochemical tests were performed in order to biotype the isolates .The 6
isolates were distributed in to two biotypes,biotype 1 and biotype 11.BOX-
PCR fingerprinting technique was used to genotype Cronobacter sakazakii
food isolates. Three isolates (50%) were belong to different genotypes (this
may be due to the differences in the source of isolation) ,and the other three
isolates (50%) were belong to genotype with closely related patterns of
fingerprints (two of strains were isolated from the same type of food
sample).
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Introduction

Cronobacter is an emerging genus of opportunistic Gram-negative
pathogens associated with potentially fatal neonatal infections, including
meningitis, sepsis and necrotizing enterocolitis (NEC)(1). Historically,
Cronobacter spp.
were thought to be a single species known as Enterobacter sakazakii (2).
Cronobacter was recognized as its own genus within the family of
Enterobacteriaceae, after improved identification techniques including
partial 16S rDNA hsp60 sequencing ,polyphasic analysis and culture
media. Cronobacter spp. contains seven species including C. sakazakii, C.
malonaticus, C. turicensis, C. muytjensii, C. dublinensis, C. condiment and
C. universalis (3). ldentification of virulence factors is important in
understanding bacterial pathogenesis and their interactions with the host,
which may also serve as novel targets in drug and vaccine development(4).
Virulence factors of Cronobacter sakazakii are enterotoxins ,O antigen,
production of proteolytic enzymes etc. Biofilm formation may enhance the
resistance to sanitizers and allow along term presence in the manufacturing
environment (5). Cronobacter spp. repeatedly have been reported as
remarkably resistant to osmotic stress and dryness and moderately
thermotolerant as some encapsulated Cronobacter spp. were still
recoverable from desiccated infant formula after storage for up to 2.5
years(6).Farmer etal.,(7) described 15 biogroups of E. sakazakii based on
biochemical profiles with the wild type biogroup 1 being the most
common.The biotyping scheme was based on motility,\VVoges- Proskauer,
methyl red, indole, ornithine decarboxylase, reduction of nitrate to nitrite,
production of gas from D-glucose, malonate utilization and production of
acid from myo-inositol and dulcitol. A new biogroup 16 was designated by
Iversen etal.,(8).PCR-based methods for genetic typing of bacteria are
relatively cheap, easy to perform and provide fast results(2days) in
comparison to Pulsed-Field Gel Electrophoresis( PFGE),which is highly
discriminative and considered the reference method for genetic typing of
bacteria, but also expensive and time- consuming (5days). Repetitive
elements -Polymerase Chain Reaction , Rep-PCR-based fingerprinting
methods including the 154bp BOX elements take advantage of the
presence of repetitive sequences that are interspersed throughout the
genome of diverse bacterial species (9). The 154 bp BOX elements consist
of differentially conserved subunits (10). Only the boxA-like subunit
sequences appear highly conserved among diverse bacteria (11). BOX-PCR
was used successfully for the first time in typing E.sakazakii strains (12).
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Materials and Methods

-Bacterial strains

Eleven strains of Cronobacter sakazakii were isolated previously
from different food samples in Baghdad /Iraq ,during 2014.All of the
isolates were determined by chromogenic media,VITEK2 system and
ultimately identified by Polymerase Chain Reaction(PCR).Six of
Cronobacter sakazakii isolates were selected to perform this study.

-Detection of some virulence factors
The following virulence factors were performed :
-capsule formation: this test was performed according to negative
staining method using india ink (13).
-Detection of biofilm production assay

It was performed according to Amaral etal.,(14) method with
modification. This assay was performed by triplicate and the mean biofilm
absorbance value was determined . The data obtained were used to classify
the isolates as high producer (OD higher than 0.24) at 630nm.Weak
producer between 0.125-0.250 at 630nm.Non producer less than 0.120 at
630nm ,according to Christensen et al., (15).

-Detection of production of haemolysin on blood agar medium(16)
,protease on skim milk agar plates (17),amylase on starch agar
medium(13) ,lipase,lecithinase on egg yolk agar (18) and gelatinase on
gelatin medium(17)  were also studied.

-Effect of some physical and biological factors on growth of
Cronobacter sakazakii.

-Growth at different temperatures and pH degrees .

Each of isolate was activated by sub cultured in brain heart infusion
broth(Hi-Media,India) at 37°C for 24h.Then to determine the optimal
temperature and the optimal pH level for enhancing the growth of
bacteria,10° CFU/ml of each sample was recultured in nutrient
broth(Biolife,Italy) and incubated at different temperatures(30,37,40,45and
50°C)for 24h.Optical densities were measured at 600nm.The same
conditions were used to determine the optimal pH level for enhancing the
growth of bacteria .Different pH levels(3,4,5,7 and 9)were examined. Each
sample was processed five times in this manner.

- Effect of probiotic bacteria Lactobacillus fermentum on growth of C.
sakazakii

An agar well diffusion method(19) was used to determine the
antimicrobial activity of probiotics on growth of C. sakazakii isolates as
follows: MRS broth (Hi-Media,India) was inoculated with lactic acid
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bacteria Lactobacillus fermentum and incubated at 37°C for 24h under
anaerobic condition ( to activate probiotic bacteria), 0.1ml the activated
bacterial suspension was used to inoculate MRS broth and incubated at
37°C for 48h in shaker incubator , then centrifugation at 1000 rpm for
10min was done. Muller Hinton agar plates (Scharlau , spain) were
inoculated with 100ul of tested bacteria by spreading method after the
turbidity was adjusted to 0.5 McFarland standard,after plates drying ,wells
were made with sterile cork borer, and wells were loaded with 100ul of
Lactobacillus culture filtrate supernatant. Plates were incubated at 37°C for
24h. Inhibition zone was measured in millimeter (mm) using a ruler.

-Biotyping of C. sakazakii isolates

According to Farmer etal.,(7) the following biochemical tests were used
for biotyping of 6 C.sakazakii isolates,the defining tests are motility,\VVoges-
Proskauer, methyl red, indole, ornithine decarboxylase, reduction of nitrate
to nitrite, production of gas from D-glucose, malonate utilization and
production of acid from myo-inositol and dulcitol.

-Genotyping of C. sakazakii isolates

-Chromosomal DNA extraction

DNA was isolated by using wizard Genomic DNA Purification Kit,
(Promega ,USA).

-BOX-PCR

Rep — PCR typing using BOX-AIR primer sequence

5- CTACGGCAAGGCGACGCTGACG -3 (20)was carried out for
genotyping C. sakazakii isolates as follows :

PCR mixture was set up in a total volume of 10ul included 5ul of PCR
green master mix(Promega,USA) , 2ul of (10pico mole/pl) primer and 2ul
of template DNA have been used. The rest volume was completed with
sterile deionized distilled water(Bioneer,Korea). Negative control
contained all material except template DNA, D.W. was added instead of
template DNA. The program that used in the thermocycler PCR
instrument(Eppendorf,Germany) as follows: initial denaturation for 2 min
at 94°C, 30 amplification cycles of 30 s at 94°C, 1 min at55°C and 8 min at
72°C and a final extension of 8 min at 72°C. The PCR products were
separated on 1.5% agarose gel in 1X TBE buffer (Tris-Borate-EDTA
buffer). 100bp DNA ladder was used to determine the exact size of these
products. Following staining with ethidium bromide and visualization by
ultraviolet (UV) illumination, the gels were photographed and interpreted
visually.
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Results and Discussion

Cronobacter sakazakii ~ was isolated from different food samples
and identified previously according to chromogenic media Enterobacter
Sakazakii Isolation Agar(ESIA),biochemical tests( VITEK2 system) and
PCR techniques.The resuls of virulence factors were illustrated as bellow:

The results of negative staining showed that all Cronobacter
sakazakii isolates (6) have the ability to form capsule ,the background was
colored in gray while capsules surrounding the cells were colorless,and the
cells were appeared as rods gray in color.

The ability of C. sakazakii isolates to produce biofilm were detected by
using microtiter plates . Absorbance at 630nm were represented the degree
of the biofilm thickness. The results indicated that all isolates have the
ability to from biofilms with different thickness degrees , the absorbance
value are ranged between (0.227-0.525) as shown in table 1.

Table (1)Biofilm thickness formed by C. sakazakii isolates

C.sakazakii Mean of
isolates absorbance value
CAl 0.326

OA2 0.227

TA3 0.384

LA4 0.298

HA5 0.354

HAG6 0.525

According to Christensen etal.,(15) 5 isolates classified as high
biofilm producer including (CA1 ,TA3, LA4 , HA5 and HAG)while the
isolate OA2 classified as weak biofilm producer . Fakruddin et al. (21)
showed that C.sakazakii strains with higher motility had strong biofilm
production ability .

— All the isolates (6) were positive for lipase, gelatinase and protease
production tests. Most os the isolates have haemolytic activity, TA3 and
HAG6 isolates were capable of producing beta (-haemolysis around the
colonies on blood agar plates,while three isolates CA1,0A2 and LA4 gave
a- haemolysis and only one isolate HA5 showed no haemolytic activity (y-
haemolysis).None of the isolates have the ability to hydrolyze starch or
produce lecithinase.

-Characterization of optimal growth temperatures and pH levels were
shown in figure 1 and figure 2 respectively.
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Figure(1) Effect of different temperature (°C) on growth of
Cronobacter Sakazakii isolates after incubation for 24h.

The results showed that all the isolates were able to grow at different
temperature ranged between (30-40°C) and it was observed that optimal
temperature was 40°C for isolates CA1,0A2 and LA4,while was 37°C for
isolates TA3 and HAG, and 30°C for isolate HA5.The higher temperatures
(45 and 50°C) were unsuitable for all isolates as shown in Figure (1).

Belal et al. (22) showed that the optimal temperature for Cronobacter
spp. which isolated from medicinal plants and spices in Syria was
44°C,while Al-joubori , (23) showed that clinical local isolates of C.
sakazakii can grow and survive at wide range of temperatures (10-50°C)
but no growth at 4°C.

The effect of different pH levels revealed that optimal pH was 5 for
four isolates (OA2,TA3, LA4, and HAG), while two isolates (CAl , and
HAJS ) gave the highest growth at pH(7) , as shown in figure (2).
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Figure (2) Effect of different pH on growth of Cronobacter sakazakii
isolates after incubation at 37°C for 24h .

Belal et al., (22) showed that the optimal pH was 5 for Cronobacter spp.
that isolated from medicinal plants and spices in Syria.

Antibacterial activity of probiotic bacteria Lactobacillus fermentum
against 6 food isolates of C. sakazakii are shown in figure (3) .
The results indicated that (L. fermentum) Probiotic bacteria appeared
antibacterial activity against all C. sakazakii isolates according to the
inhibition zones. Diameter of inhibition zone was ranged between 15 and
25mm. Among these isolates C. sakazakii HAS was the most sensitive
strain which gave the maximum diameter zone of inhibition (25mm) ,
while LA4 isolate was the least sensitive strain which gave the minimum
diameter zone of inhibition (15mm) , and the rest C. sakazakii isolates
inhibited but in different degrees .

2016 -93 uxxll -22 slall - 83 - Kga La Y1 &g 3311 2412, &lya



Characterization ,Biotyping and Genotyping of Cronobacter sakazakii
isolated from Baghdadian foods ...............ccoooiiiiiii i
Alyaa Razoogi AL-Lami, Sanaa Burhan Abd-Aljalil, Abdul Kareem AL-Kazaz

30

25

20
15 ~
10 ~
5
0 -
CAl OA2 TA3 LA4 HAS HA6

Cronobacter sakazakii isolates

inhibition zone{mm)

Figure (3) Antibacterial activity of Lactobacillus fermentum against 6
food isolates of C. sakazakii

Sharma and Prakash, (24) reported that Lactobacillus fermentum has
antimicrobial activity against C. sakazakii incubated for various time
duration .

Biotyping of Cronobacter sakazakii isolates-

The biochemical profiles obtained for each strain were compared to the
biogroups originally described by Farmer etal.,(7). The results indicated
that the isolates OA2 and TA3 were belong to Biogroup 1 or biotype 1,
while the other four isolates (CA1 , LA4 , HA5 and HAG) were belong to
biogroup 11 or biotype 11 as shown in table (2).

Table (2) Biotyping of C. sakazakii food isolates
Biochemical profile

Biogroup | No. of [ VP | MR | Nit | Orn. | Mot. | Ino | Dul. | Ind. | Mal. | Gas
isolates

Biogroup 1 | 2 + |- + |+ + + |- - - +

Biogroup i ) ) )

11 4 + + |+ + + +

VP = voges proskauer , MR = methyl red , Nit = Nitrate reduction , Orn. =
Ornithine decarboxylase , Mot = Motility , Ino = Production of acid from
Inositol , Dul = production of acid from dulcitol , Ind = Indol Production,
Mal. = Malonate utilization , and Gas = Production of gas from D—glucoase
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Farmer et al., (7) recognized 15 biogroups among 57 strains of E.
sakazakii ,while lversen et al., (8) showed that 189 strains of E. sakazakii
can be recognized to 16 biogroups and Biogroup 1 was the major group.

Biochemical evaluations of bacterial isolates are valuable for initial
strain characterization and are still in widespread use . However the
discriminatory power of biotyping is poor (25) and this technique has only
limited ability to distinguish strains within a given species.

Genotyping of C. sakazakii isolates
BOX — Polymerase Chain Reaction (BOX-PCR) technique was used

to genotype C. sakazakii local isolates. . Explanation of results was based
on Woods et al., (25)who illustrated that fingerprints were considered
similar when all visible bands existing in each isolate had the same
apparent migration distance. They were considered closely related when
profiles differed by a maximum of two bands .While isolates with profiles
differing by more than two bands were considered as not related . variation
in intensity did not represent differences. The results showed that the
fingerprints of 6 C. sakazakii isolates were composed of about 4 main or
common bands with sizes ranging from 200 to 1500 bp as shown in figure
(4) , this finding was support the identity as of same species C. sakazakii .

1500

1000

500

200

Figure (4) BOX-PCR patterns of C.sakazakii isolates.The PCR products were
analyzed on agarose gel electrophoresis. Lane 1:100bp DNA ladder,Lane 2:
negative control ,Lane 3-8: C. sakazakii local isolates.Genotype groups were
a,b,c,d1,d2 and d3.
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These isolates also have considerable differences in the BOX
fingerprints which indicates that these isolates belong to different
genotypes of C. sakazakii .Visual analysis of the BOX fingerprints
revealed a major genotype comprising (50% )of the isolates with closely
related profiles (BOX — PCR types d1, d2, and d3) this BOX — PCR types
belong to three isolates TA3 , HA5 and HAG respectively,two of which
isolated from the same type of food sample(humburger)thats indicate this
genotype may be dominant in this type of food . The remaining isolates
were not related to type (d1 , d2 and d3) and were distributed in 3
genotypes comprising one isolate. A high level of genetic diversity was
observed among the 6 strains isolated from different food samples , the
firgerprints (a, b,c,d1,d2 and d3) were obtained . Fifty percent (50%) of the
isolates were not related with BOX- PCR fingerprints (a,b,c types) which

belong to three isolates CA1, OA2 and LA4 respectively. A high level of
genetic diversity was observed among the 6 strains isolated from different
food samples , the firgerprints (a, b,c,d1,d2 and d3) were obtained . These
isolates were isolated from different food samples which may also
contribution to this difference in Box fingerprints (12), Proudy et al.,(27)
showed that BOX- PCR genotyping is a very useful tool to understand the
routes of contamination and distribution of E.sakazakii in PIF
manufacturing facility. Fakruddin et al. (21) showed that C.sakazakii
isolates have significant differences in the BOX fingerprint that indicates
that these isolates belong to different genotypes of C. sakazakii.
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